, 2.9,aM for the ciliate protozoon Tetrahymena pyriformis (Lloyd et al., 1980 (Lloyd et al., , 1982 , and 0.1 fIM for the tsetse-fly vector form of a trypanosome (Hill, 1978) .
The soil amoeba Acanthamoeba castellanii, grown under conditions providing organisms in which the major terminal oxidase is cytochrome aa3, has a high affinity for 02. Both polarographic measurements (Lloyd et al., 1979) and those based on the O2-dependence of bacterial bioluminescence (Lloyd et al., 1982) indicate an apparent Km < 1 pM-02, and the latter, more reliable, method gives a value of 0.42,UM-02. Determinations of the°2 affinities for other intact eukaryotic micro-organisms have given apparent Km values in the range 0.4-1.5 uM for baker's yeast (Longmuir, 1954; Schindler, 1964; Chance, 1965) , 2.9,aM for the ciliate protozoon Tetrahymena pyriformis (Lloyd et al., 1980 (Lloyd et al., , 1982 , and 0.1 fIM for the tsetse-fly vector form of a trypanosome (Hill, 1978) .
It has been suggested that intact mammalian cells (e.g. hepatocytes and neurons) have lower 02 affinities than those of isolated mitochondria (Jones, 1978; Jobsis & Rosenthal, 1978) , and the presence of 02 gradients within mammalian cells has been demonstrated directly (Benson et al., 1980; Podgorski et al., 1981) .
The 
Experimental
Maintenance and growth ofthe organisms Acanthamoeba castellanii was maintained, grown axenically with shaking at 300C, and counted as described previously (Edwards et al., 1977) .
Harvesting and breakage of the organism and preparation ofmitochondrialfractions
Methods for harvesting and homogenization of organisms and preparation of mitochondria-enriched fractions were as described by Edwards & Lloyd (1978) . Organisms were harvested after 48 h growth (cell concentration 2 x 106-4 x 106 organisms/ml).
02-affinity measurements
These involved measurements of bioluminescence of Photobacterium fischeri (strain MJ-1) mixed with the mitochondrial suspension in a 5 ml stirred open reactor under defined 02/argon ratios in the gas phase as described previously (Lloyd et al., 1981 (Lloyd et al., , 1982 . Gases used were high-purity argon (<3 p.p.m. of 02) and standard gas mixtures consisting of 1% 02 in N2 and 0.05% 02 in N2 (Air Products, Cardiff, Wales, U.K.). Low 02 partial pressures were obtained by using a digital gas mixer (Lundsgaard & Degn, 1973) 
where K is the O2-transfer constant, TG the 02 partial pressure in the gas phase, and TL that in the liquid membrane-covered oxygen electrode (Radiometer, Copenhagen, Denmark) was sealed into a port lying below the level of the vortex . The response time of the system was limited by the rate of stirring; the half-time for equilibration with°2 was slightly less than 5 min, corresponding to an 02-transfer constant of 0. 14min-'. Simultaneous measurements of bioluminescence of P. fischeri (Oshino et al., 1972) in this system gave 02 determinations at concentrations where the 02-dependent current producted by the oxygen electrode became small compared with the 'residual' current (still observed at zero°2). A liquid-filled light-lead (4 mm diam.) was used with an interference filter (A = 495 nm, half band-width 10nm) to monitor bioluminescence in the cuvette; the photomultiplier and associated circuit were identical with that described for 02-affinity measurements (Lloyd et al., 1980 Bioluminescence of P. fischeri exposed to gas mixtures of various compositions was measured (a) in the absence and (b) in the presence of A. castellanii mitochondria (2mg of protein/ml). Measurements were made in an open system in a buffer containing (final concentrations) 0.32M-sucrose, 10mM-Tris/H2SO4, 0.2mM-EGTA, 10mM-potassium phosphate and 0.1% bovine serum albumin (pH 7.4) in the presence of 10mM-sodium succinate and 0.8 mM-ADP at 250C. Emission intensity in the absence of mitochondria gave a calibration for the concentration of dissolved 02 (TL); this was used to measure values for TL at a series of fixed values of 02 partial pressure in the gas phase (TG) in (b), and hence the respiration rate [from Vr = K(TG-TL)I.
was determined for growing organisms (suspended in growth medium). Lineweaver-Burk plots of 1/Vt against 1/[021 at different cell densities (adjusted by using conditioned growth medium) gave linear relationships irrespective of whether the oxygen electrode or Photobacterium luminescence was used for measurement. Both methods gave similar values for the apparent Km for 02: 0.37 +0.16pM-02 (13) with the electrode, and 0.41 + 0.05 pM-02 (12) with the bioluminescence assay. Determinations made by stepwise increases of 02 partial pressure gave upward-concave Lineweaver-Burk plots; similar observations made with a number of lower eukaryotes have been described previously (Lloyd etal., 1980) . 2 affinity ofmitochondrial suspensions The dependence of°2 consumption on°2 partial pressure for mitochondria isolated from A. castellanii was investigated by using the Photobacterium assay (Fig. 1) . These mitochondria showed respiratory control ratios of up to 4.0 with 2-oxoglutarate, 1.9 with succinate, 2.0 with malate and 1.8 with NADH. Apparent Km values for°2 were not significantly different when different respiratory substrates were present (Table 1) . These values ranged from 0.21 to 0.36,pM-02 both for mitochondria actively respiring in the presence of ADP and Pi (State 3 in the terminology of Chance & Williams, 1956 ) and for de-energized mitochondria.
Difference spectra of respiratory pigments in whole organisms under low O2 concentrations Anaerobic-minus-hypoxic difference spectra of whole-cell suspensions of A. castellanii under different gaseous O2 partial pressures, as measured by the oxygen electrode (Fig. 2) , indicate that the respiratory chain has a high affinity. Thus 0.1 4uM-02 gave measurable absorbance changes at around 440 and 420nm, corresponding to maxima assigned to aand c-type cytochromes respectively. At 0.3 UM-02 further oxidation of these components was evident, and at 20#uM-02 all features characteristic of the respiratory chain in its 'aerobic' steady state were observed, including an absorbance minimum at around 460nm corresponding to flavoprotein-iron- cytochromes in intact A. castellanii and in isolated mitochondria (a) A whole-cell suspension (7.8 ml, 6 x 106 organisms/ml) in 0.4 M-NaCl/O. 1 M-potassium buffer (pH 7.0) was incubated under argon with 0.2 ml of the Photobacterium suspension (see the Experimental section). Increasing or decreasing the 02 partial pressure in the gas phase (direction indicated by arrows) gave a series of redox states for cytochromes aa3 (0), b (A) and c (M). (b) As in (a), except that mitochondria (7.8 ml, 1.6 mg of protein/ ml) were used instead of intact cells; respiratory substrate was 10mM-sodium succinate in the presence of 0.8 mM-ADP. Results are typical of five experiments.
Redox states of cytochromes at different 02 concentrations Whole-cell suspensions of A. castellanii were incubated anaerobically in the presence of starved P. fischeri. Successive small increments in O2 of the gas stream gave increases in dissolved 02, increased bioluminescence and oxidation of cytochromes. Oxidation to 50% of the aerobic steady-state value was observed at 0.24 pM-02 for cytochrome aa3, 0.459uM-02 for cytochrorne b and 0.59 4UM-02 for cytochrome c (Fig. 4) (12.6 pM) are all about an order of magnitude greater than for organelles in vitro (Jones & Mason, 1978) . It was suggested that the large hepatic cell size contributes to this diffusion profile. Direct observations within mouse liver cells (Benson et al., 1980) of 02-quenched fluorescence of pyrene-1-butyrate (Vaughan & Weber, 1970 ) also provides evidence for localized variations in dissolved 02 concentrations. Distribution was non-random and appeared to be associated with specific subcellular structures. A further refinement of this technique employed encapsulate pyrene dissolved in paraffin oil (Podgorski et al., 1981) . Use of these capsules has shown 02 partial pressures within respiring Amoeba proteus less than ambient in both air and 100% 02, with an 02 gradient between cytosol and exterior in the range 2.5-4.9 kPa (19-37 mmHg).
A. castellanii has a mean cell volume in 0.4 MNaCl of 500,um3, on the basis of size deter- 
